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(57) ABSTRACT

Provided is a feature extraction method and apparatus to
extract a feature of a three-dimensional (3D) depth image.
The feature extraction apparatus may generate a plurality of
level sets using a depth image, and may extract a feature for
each level depth image.

17 Claims, 4 Drawing Sheets

l DEPTH IMAGE

IMAGE
ACQUIREMENT
UNIT 110

' DEPTH IMAGE

LEVEL SET
GENERATOR 120

FEATURE
EXTRACTOR
130

l FEATURE

l PLURALITY OF LEVELS

INFORMATION
SELECTOR
140

S—

CLASSIFIER
150

FEATURE EXTRACTION APPARATUS 100



U.S. Patent Oct. 4, 2016 Sheet 1 of 4

FIG. 1

7

<DEPTH CAMERA>
DEPTH IMAGE

IMAGE
ACQUIREMENT

UNIT 110
DEPTH IMAGE

Y

LEVEL SET
GENERATOR 120

Y

FEATURE
EXTRACTOR
130

FEATURE

Y

PLURALITY OF LEVELS

US 9,460,336 B2

SELECTOR -~
140

INFORMATION CLASSIFIER

FEATURE EXTRACTION APPARATUS 100



US 9,460,336 B2

Sheet 2 of 4

Oct. 4, 2016

U.S. Patent

THAHTANODIS
THAHT LSYId

¢O




U.S. Patent

Oct. 4, 2016 Sheet 3 of 4
FIG. 3
( START )
|0
ACQUIRE DEPTH
IMAGE OF
SAMPLE DATA
30 307
PERFORM ACQUIRE
PREPROCESSING DEPTH IMAGE
| OF TEST DATA
|33 | 308
GENERATE PERFORM
PLURALITY OF PREPROCESSING
LEVEL SETS
Vo304 | ~309
EXTRACT GENERATE
FEATURE FOR PLURALITY OF
EACH LEVEL LEVEL SETS
| 305 | 310
PERFORM FEATURE FOR
LEARNING
EACH LEVEL
| 306 P}
GENERATE | COMPARE FEATURE
SAMPLE, & SELECT
POSTURE WITH
HIGHEST MATCHING
PROBABILITY

\

(_END )

US 9,460,336 B2




U.S. Patent Oct. 4, 2016 Sheet 4 of 4 US 9,460,336 B2

FIG. 4

( START )

Y

EXTRACT, FROM DEPTH IMAGE, L ~_ 410
ROI HAVING THE SAME DEPTH LEVEL

Y

GENERATE PLURALITY OF LEVELS

BY DIVIDING ROI'INTO LEVELS BASED ON ONE | ~_ 420
OF X AXTAL DIRECTION, Y AXIAL DIRECTION,

& Z AXTAL DIRECTION

Y

EXTRACT FEATURE FOR EACH LEVEL L ~_ 430
DEPTH IMAGE

Y

SELECT MOVEMENT INFORMATION OR 440
POSTURE INFORMATION OF DEPTH IMAGE [
USING EXTRACTED FEATURE

1

(  END )




US 9,460,336 B2

1
APPARATUS AND METHOD FOR
EXTRACTING FEATURE OF DEPTH IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Korean
Patent Application No. 10-2011-0003452, filed on Jan. 13,
2011, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Field

Example embodiments relate to technology of extracting
a feature of a depth image.

2. Description of the Related Art

As an example of a method to extract a feature of a
three-dimensional (3D) image, the feature may be extracted
by segmenting a plane and the like in a point cloud of a 3D
depth image. The above method may correspond to a
complex calculation method, for example, a random sample
consensus (RanSac) and the like and thus, may have many
constraints in high speed calculation and may perform a
precise feature extraction when a structure of a correspond-
ing image is known.

As another example, a method of extracting a contour, for
example, a silhouette of an object in a 3D image, and using
a moment for estimating of a shape of the extracted contour
may be employed. However, the above method may use
depth information of the 3D image only for extracting the
contour and thus, may not utilize a 3D feature.

As still another example, a method of configuring a
volume pixel (voxel), estimating depth information for each
voxel, and using an eigenvalue analysis, for example, a
principle component analysis and the like based on the
estimated depth information may be employed.

SUMMARY

The foregoing and/or other aspects are achieved by pro-
viding an apparatus for extracting a feature, including: a
level set generator to generate a plurality of level sets using
a depth image; and a feature extractor to extract a feature for
each level depth image.

The level set generator may generate the plurality of level
sets by extracting, from the depth image, a region of interest
(ROI) having the same depth level, and by dividing the
extracted ROI into a plurality of levels.

The level set generator may divide the ROl into a plurality
of levels based on one of an X axial direction, a Y axial
direction, and a Z axial direction, and generates the plurality
of level sets using the plurality of levels.

The level set generator may acquire, as an i level set
among the plurality of level sets, a depth image having a
predetermined pixel value matching depth information of an
i level, a depth image having a pixel value greater than
depth information of the i level, or a depth image having a
pixel value between depth information of the i” level and
depth information of an (i+1)” level, and i denotes a natural
number.

The depth information of the i level may correspond to
a depth threshold of the i” level.

The feature extractor may extract the feature from a depth
image of each level using a descriptor extracting shape
information.
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The feature extraction apparatus may further include an
information selector to select movement information or
posture information corresponding to the extracted feature.

The information selector may generate a feature vector
using the extracted feature, and generates a classifier using
the feature vector.

The information selector may identify a learning sample
matching a feature of a depth image newly acquired through
an image acquirement unit, and may selects movement
information or posture information of the newly acquired
depth image.

The foregoing and/or other aspects are achieved by pro-
viding an apparatus for extracting a feature, including: a
level set generator to divide a region of interest (ROI)
extracted from a depth image based on a predetermined
direction; and a feature extractor to extract the feature based
on a two-dimensional (2D) boundary of the depth image.

The level set generator may divide the ROI based on one
of an X axial direction, a Y axial direction, and a Z axial
direction.

The feature extractor may divide the depth image based
on a predetermined interval, extract boundary of the depth
image, and extract the feature based on the boundary of the
depth image.

The foregoing and/or other aspects are achieved by pro-
viding an apparatus for extracting a feature, including: an
image acquirement unit to acquire a depth image; a level set
generator to generate a plurality of levels using the acquired
depth image; and a feature extractor to extract a feature for
each level depth image.

The foregoing and/or other aspects are achieved by pro-
viding a method of extracting a feature, including: generat-
ing a plurality of levels using a depth image; and extracting
a feature for each level depth image.

According to example embodiments, since a feature is
extracted from a depth image divided for each level, an
invariable feature is enabled with respect to a rotation and a
distance associated with a depth direction.

According to example embodiments, a feature extracted
from a 3D depth image may be used to recognize a posture
available in a 2D image.

Additional aspects of embodiments will be set forth in
part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice
of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 illustrates a configuration of a feature extraction
apparatus according to example embodiments;

FIG. 2 illustrates an example of generating a plurality of
level sets using a depth image according to example embodi-
ments;

FIG. 3 illustrates an algorithm of a posture estimation
method using a level set scheme according to example
embodiments; and

FIG. 4 illustrates a method of extracting a feature accord-
ing to example embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying
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drawings, wherein like reference numerals refer to the like
elements throughout. Embodiments are described below to
explain the present disclosure by referring to the figures.

FIG. 1 illustrates a configuration of a feature extraction
apparatus 100 according to example embodiments.

Referring to FIG. 1, the feature extraction apparatus 100
may include an image acquirement unit 110, a level set
generator 120, a feature extractor 130, an information selec-
tor 140, and a classifier 150.

The image acquirement unit 110 may acquire a depth
image using a depth camera. The depth camera may generate
a three-dimensional (3D) depth image using a time of flight
(TOF) scheme. The depth camera may have a relatively low
resolution and precision compared to a color camera, and be
utilized to acquire a 3D image.

The level set generator 120 may generate a plurality of
level sets using the acquired depth image. For example, the
level set generator 120 may extract, from the depth image,
aregion of interest (ROI) having the same depth level. When
the depth image corresponds to a hand movement of a user,
the ROI may indicate a partial region of a depth image
received from a sensor or the depth camera to generate
motion information associated with the hand movement of
the user. The level set generator 120 may generate the
plurality of level sets by dividing the extracted ROI into a
plurality of levels.

FIG. 2 illustrates an example of generating a plurality of
level sets using a depth image according to example embodi-
ments.

Referring to FIG. 2, the level set generator 120 may divide
the ROl into a plurality of levels based on one of an X axial
direction, a Y axial direction, and a Z axial direction. Even
though the level division is performed based on the Z axial
direction in FIG. 2, the level division may be performed
based on the X axial direction or the Y axial direction
depending on embodiments.

The level set generator 120 may divide the ROI into the
plurality of levels, for example, [.-1, [.-2, and [.-3 based on
the Z axial direction, and may generate the plurality of level
sets, for example, a first level, a second level, and a third
level, using the divided plurality of levels.

As one example, the level set generator 120 may acquire,
as an i” level set among the plurality of level sets, a depth
image having a predetermined pixel value matching depth
information of an i level. Here, i denotes a natural number.
In this example, the i” level set may be expressed by
Equation 1:

1, if dip)=d;

0, otherwise

[Equation 1]
Level;(P) = { q

In Equation 1, p denotes a pixel position (x, y) of the depth
image, d(p) denotes depth information of each pixel, and d,
denotes a depth threshold of the i level. Accordingly, the
level set generator 120 may acquire, as the i” level set, a
depth image having a pixel value ‘1> matching i depth
information.

As another example, the level set generator 120 may
acquire, as the i” level set, a depth image having a pixel
value greater than depth information of the i? level. In this
example, the i” level set may be expressed by Equation 2:

1, if d(p) = d;

0, otherwise

Equation 2
Level;(P) = { (Eq ]

In Equation 2, p denotes a pixel position (x, y) of the depth
image, d(p) denotes depth information of each pixel, and d,
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denotes a depth threshold of the i” level. Accordingly, the
level set generator 120 may acquire, as the i” level set, a
depth image having a pixel value greater than depth infor-
mation of the i? level, for example, a depth image satisfying
d(p)=d..

As still another example, the level set generator 120 may
acquire, as the i” level set, a depth image having a pixel
value between depth information of the i level and depth
information of an (i+1)” level. In this example, the i” level
set may be expressed by Equation 3:

[Equation 3]

L, if diy > d(p) 2 d;
Level;(P) =
veli(P) {0, otherwise

In Equation 3, p denotes a pixel position (x, y) of the depth
image, d(p) denotes depth information of each pixel, and d,
denotes a depth threshold of the i” level. Accordingly, the
level set generator 120 may acquire, as the i” level set, a
depth image having a pixel value between depth information
of the i” level and depth information of an (i+1)™ level, that
is, a depth image satistying d,,,>d(p)=d,.

In the aforementioned embodiment, a depth axis may not
be an actual depth axis and may be a depth axis based on a
depth camera or an axis determined in an actual space.

A number of depth images acquired using the aforemen-
tioned method may be determined based on a number of
levels. The feature extractor 130 may extract the feature by
employing all the schemes used for 2D image processing,
using the acquired depth images.

The feature extractor 130 may extract the feature from a
depth image of each level using a descriptor extracting shape
information. For example, the feature extractor 130 may
calculate a Hu moment for each level image and then extract
the feature.

The feature extractor 130 may divide the depth image
based on a predetermined interval, extract a boundary of the
depth image, and extract the feature based on the boundary
of the depth image.

The information selector 140 may select movement infor-
mation or posture information corresponding to the
extracted feature. For example, the information selector 140
may generate a feature vector using the extracted feature,
and may generate the classifier 150 using the feature vector.
In this example, the information selector 140 may perform
a component reduction to reduce a number of feature
vectors.

The classifier 150 may generate a learning sample using
the generated feature vector. The learning sample may be
used to classify a newly input depth image. For example, the
classifier 150 may identify a learning sample matching a
feature of a depth image newly acquired through the image
acquirement unit 110.

The information selector 140 may select movement infor-
mation or posture information of the newly acquired depth
image using the identified learning sample. The classifier
150 may be included as a constituent element of the infor-
mation selector 140. In this case, the information selector
140 may generate a learning sample using the generated
feature vector, by the classifier 150, and may identify the
learning sample matching a feature of the newly acquired
depth image.

FIG. 3 illustrates an algorithm of a posture estimation
method using a level set scheme according to example
embodiments.
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Referring to FIG. 3, in operation 301, the feature extrac-
tion apparatus 100 may acquire a depth image of sample
data.

In operation 302, the feature extraction apparatus 100
may preprocess the acquired depth image. In operation 302,
the feature extraction apparatus 100 may extract an ROI by
employing image processing technology, for example, a
noise reduction method, an ROI selection, smoothing, and
the like.

In operation 303, the feature extraction apparatus 100
may generate a plurality of level sets by dividing the
extracted ROI into a plurality of levels based on one of an
X axial direction, a 'Y axial direction, and a Z axial direction.

In operation 304, the feature extraction apparatus 100
may extract a feature for each level depth image based on a
level set. In operation 304, the feature extraction apparatus
100 may extract a boundary of a depth image corresponding
to a distance that is spaced apart by a predetermined interval
from a point closest to a 3D depth image, for example, a user
hand and the like. In operation 304, the feature extraction
apparatus 100 may extract the feature from the extracted
depth image using a descriptor capable of extracting a shape.

In operation 305, the feature extraction apparatus 100
may perform learning using the extracted feature. In opera-
tion 305, the feature extraction apparatus 100 may learn the
classifier 150 by employing the extracted feature as a feature
vector.

In this example, the feature extraction apparatus 100 may
not use all the features extracted from all the levels. In
particular, in operation 306, the feature extraction apparatus
100 may learn the classifier 150 using a partial set of features
used to classify each posture, using an eigenvalue analysis
and the like. The above learning method may use adaboost-
ing (AdaBoost), a decision tree, a supporting vector
machine, and the like. The learned classifier 150 may be
used for a depth image of test data.

For example, the classifier 150 may generate a feature
vector using the extracted feature, and may generate and
maintain a learning sample using the generated feature
vector. The classifier 150 may perform a component reduc-
tion to reduce a number of feature vectors.

In operation 307, the feature extraction apparatus 100
may acquire a depth image of test data.

In operation 308, the feature extraction apparatus 100
may preprocess the acquired depth image. Similar to the
preprocessing of operation 302, the feature extraction appa-
ratus 100 may extract an ROI by employing image process-
ing technology, for example, a noise reduction method, an
ROI selection, smoothing, and the like.

In operation 309, the feature extraction apparatus 100
may generate a plurality of level sets by dividing the
extracted ROI into a plurality of levels based on one of an
X axial direction, a 'Y axial direction, and a Z axial direction.
For example, an i level among the plurality of levels may
correspond to a depth image having a predetermined pixel
value matching depth information of an i level, a depth
image having a pixel value greater than depth information of
the i” level, or a depth image having a pixel value between
depth information of the i” level and depth information of an
(i+1)” level. Here, i denotes a natural number.

In operation 310, the feature extraction apparatus 100
may extract the feature for each level depth image based on
a level set.

In operation 311, the feature extraction apparatus 100 may
compare the extracted feature and the learning sample, and
may select movement information or posture information
having a highest matching probability.
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For example, the feature extraction apparatus 100 enables
the feature extracted from the depth image of test data to
pass the classifier 150, and may select movement informa-
tion or posture information having a highest confidence. For
example, when the depth image corresponds to a hand of a
user, the movement information may include a motion of the
hand or a shape of the hand. The posture information may
include a thumbs-up posture or a thumbs-down posture
associated with the hand of the user.

Accordingly, the feature extraction apparatus 100 may be
applicable to an interface apparatus using posture recogni-
tion of the user.

FIG. 4 illustrates a method of extracting a feature accord-
ing to example embodiments.

The feature extraction method may be performed by the
feature extraction apparatus 100.

In operation 410, the feature extraction apparatus 100
may extract an ROI having the same depth level. The depth
image may be acquired using a depth camera. When the
depth image corresponds to a hand movement of a user, the
ROI may indicate a partial region of a depth image received
from a sensor or the depth camera to generate motion
information associated with the hand movement of the user.

In operation 420, the feature extraction apparatus 100
may divide the ROI into a plurality of levels based on one
of an X axial direction, a Y axial direction, and a Z axial
direction, and may generate a plurality of level sets using the
divided plurality of levels. For example, the feature extrac-
tion apparatus 100 may divide the ROI into at least one level
based on the Z axial direction and generate the plurality of
level sets.

In operation 430, the feature extraction apparatus 100
may extract the feature for each level depth image.

As an example, the feature extraction apparatus 100 may
acquire, as an i” level set among the plurality of level sets,
a depth image having a predetermined pixel value matching
depth information of an i” level. In this example, the
predetermined pixel value may be 1 and the depth informa-
tion may be a depth threshold of the i level.

As another example, the feature extraction apparatus 100
may acquire, as the i level set, a depth image having a pixel
value greater than depth information of the i” level.

As still another example, the feature extraction apparatus
100 may acquire, as the i level set, a depth image having
a pixel value between depth information of the i level and
depth information of an (i+1)* level.

The feature extraction apparatus 100 may extract the
feature using a descriptor extracting shape information from
each level depth image.

The feature extraction apparatus 100 may divide the depth
image based on a predetermined interval, extract a boundary
of the depth image, and extract the feature based on the
extracted boundary of the depth image.

In operation 440, the feature extraction apparatus 100
may select movement information or posture information of
the depth image using the extracted feature.

The feature extraction apparatus 100 may generate a
feature vector using the extracted feature, and may generate
the classifier 150 using the generated feature vector. The
classifier 150 may generate a learning sample using the
generated feature vector. Next, the feature extraction appa-
ratus 100 enables the feature extracted from a newly
acquired depth image to pass the classifier 150, and may
identify a learning sample matching a feature of the newly
acquired depth image and select movement information or
posture information of the newly acquired depth image
using the identified learning sample.
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The feature extraction method according to the above-
described embodiments may be recorded in non-transitory
computer-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
DVDs; magneto-optical media such as optical discs; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described embodiments, or vice versa.

Although embodiments have been shown and described,
it would be appreciated by those skilled in the art that
changes may be made in these embodiments without depart-
ing from the principles and spirit of the disclosure, the scope
of which is defined by the claims and their equivalents.

What is claimed is:

1. An apparatus for extracting a feature, comprising:

a processor, comprising;

a level set generator to generate a plurality of level sets
using a plurality of depth image divided based on a
predetermined interval, and the plurality of depth
image having a pixel value according to depth infor-
mation of each level;

a feature extractor to extract a feature for each level set
of the plurality of depth image,

wherein the level set generator generates the plurality
of'level sets by comparing depth information of each
pixel in the plurality of depth image with depth
thresholds to generate binary values for each level of
the plurality of level sets, wherein each depth thresh-
old corresponds to a respective level of the plurality
of level sets, and

wherein the feature extractor extracts the feature from
a depth image of each level using a descriptor
extracting shape information: and

an information selector to select movement information
or posture information corresponding to the
extracted features.

2. The apparatus of claim 1, wherein the level set gen-
erator generates the plurality of level sets by extracting, from
the plurality of depth image, a region of interest (ROI)
having the same depth level, and by dividing the extracted
ROI into a plurality of levels.

3. The apparatus of claim 2, wherein the level set gen-
erator divides the ROl into a plurality of levels based on one
of an X axial direction, a Y axial direction, and a Z axial
direction, and generates the plurality of level sets using the
plurality of levels.

4. The apparatus of claim 1, wherein the level set gen-
erator acquires, as an i”” level set among the plurality of level
sets, a depth image having a pixel value ‘1’matching depth
information of an i level, a depth image having a pixel
value greater than depth information of the i level, or a
depth image having a pixel value between depth information
of the i level and depth information of an (i +1)” level, and
i denotes a natural number.
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5. The apparatus of claim 4, wherein the depth informa-
tion of the i” level corresponds to a depth threshold of the
i level.

6. The apparatus of claim 1, wherein the feature extractor
extracts the feature for each level set by calculating a Hu
moment.

7. The apparatus of claim 1, wherein the information
selector generates a feature vector using the extracted fea-
tures, and generates a classifier using the feature vector.

8. The apparatus of claim 7, wherein the information
selector selects movement information or posture informa-
tion having a highest matching probability.

9. The apparatus of claim 1, wherein the information
selector identifies a learning sample matching a feature of a
depth image newly acquired through an image acquirement
unit, and selects movement information or posture informa-
tion of the newly acquired depth image.

10. An apparatus for extracting a feature comprising:

a processor, comprising;

an image acquirement unit to acquire a plurality of depth
image divided based on a predetermined interval;

a level set generator to generate a plurality of levels using
the plurality of depth image having a pixel value
according to depth information of each level;

a feature extractor to extract a feature for each level depth
image,

wherein the level set generator generates the plurality of
levels by comparing depth information of each pixel in
the plurality of depth image with depth threshold to
generate binary values for each level of the plurality of
levels, wherein each depth threshold correspond to a
respective level of the plurality of levels, and

wherein the feature extractor extracts the feature from a
depth image of each level using a descriptor extracting
shape information; and

an information selector to select movement information or
posture information corresponding to the extracted
features.

11. The apparatus of claim 10, wherein the level set
generator generates the plurality of levels by extracting,
from the acquired plurality of depth image, a region of
interest (ROI) having the same depth level, and by dividing
the extracted ROI into the plurality of levels based on one of
an X axial direction, a Y axial direction and a Z axial
direction.

12. The apparatus of claim 10, further comprising:

a classifier to generate a feature vector using the extracted
features, to generate a learning sample using the gen-
erated feature vector, and to identify a learning sample
matching a feature vector of a depth image newly
acquired through the image acquirement unit.

13. The apparatus of claim 12, wherein the information
selector is configured to select movement information or
posture information of the newly acquired depth image
using the identified learning sample.

14. A method of extracting a feature, comprising:

generating a plurality of levels using a plurality of depth
image divided based on a predetermined interval, and
the plurality of depth image having a pixel value
according to depth information of each level;

extracting a feature for each level of the plurality of depth
image,

wherein the generating comprises:

generating the plurality of levels by comparing depth
information of each pixel in the plurality of depth
image with depth threshold to generate binary values
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for each level of the plurality of levels, wherein each
depth threshold correspond to a respective level of the
plurality of levels, and
wherein the feature extractor comprises extracting the
feature from a depth image of each level using a
descriptor extracting shape information; and
selecting movement information or posture information
corresponding to the extracted features.
15. The method of claim 14, wherein the generating
further comprises:
extracting, from the plurality of depth image as a region
of interest (ROI), a region having the same depth level;
and
generating the plurality of levels by dividing the ROI into
the plurality of levels based on one of an X axial
direction, a Y axial direction, and a Z axial direction.
16. The method of claim 14, wherein an i level among
the plurality of levels corresponds to a depth image having
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a pixel value ‘1’matching depth information of an i” level,
a depth image having a pixel value greater than depth
information of the i” level, or a depth image having a pixel
value between depth information of the i” level and depth
information of an (i+1) # level, and i denotes a natural
number.
17. The method of claim 14, wherein the generating
comprises:
generating a feature vector using the extracted features;
generating
a learning sample using the feature vector;
identifying a learning sample matching a feature vector of
a newly acquired depth image; and
selecting movement information or posture information
of the newly acquired depth image using the identified
learning sample.
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